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Thia invention relates to a method dad apparatus tox 
heating an cloncjated space or a location containing an olongatcd 
ntator. Houe particularly, the invention relates to alecrtrJ.caJ 
resiBT^ncft heater for heating An eiohfletod subterranean fcojoholo 
At ratou which or* different at- different depths At the borehole, 

:tt la known to be beneficial to u*f» elongated heaters 
auch es vail neater*, for heating lntervala ot subterranean earth 
2 OTtnntl.OBy. plpo Interiors, or other elongated spaces. In various 
situations^ it la desirable to beat such epacee at relatively high 
10 temperatures tor relatively long tineo. Beneficial rcovlto 
obtained toy such heating nay include pyrolieiog oil anal a 
formations, coking oil to consolidate unconsolidated resorvoix 
formations, coking oil to form electrically conductive carbonized 
xones capable of operating .as electrodes within n reservoir 
formation, thermally displacing hydrocarbons derived fro* oils or 
tare into production locations, preventing formation cf hydrate*, 
precipitates, or the lire in fluids which aro being produced from 
we lla anoYor trananitted through pipes , or the like. 

The invention aitta to provide a heating apparatus vhich 
20 is capable of generating beat at different rates at different 
depth? in a well. 

In accordance vfitb the invention there is provided in a 
process in which subterranean earth formations within en interval 
rcoro than 100 feat long are heated to a temperature of more than 
6G0°<:., ao that heat jo injected substantially uniformly into that 
Interval f an iaerovoment for constructing and installing a heater 
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havinqr on «l*<:trtcal cable heating section which la free of 
Kp.Hces, C0Wpri3i«g» conrffcrut'tintf atiicJ hasting cablo section by 
compreasively swaging at least one portion of a Junction-* re* 
electrical beating cabla to redueo ito aix* at aald at luast one 
portion , said cable it at least as long ai the aerth formation 
Interval to be heated and comprises aa axially eliancd, malleahio. 
electrically conductive core enrrounded by granular mineral 
insulation within a metal ohoath, ao that swaged portion goneratec 
heat at a rate higher Chan the uuavaged portion; correlating the 

10 location ot sold svaoiftg wltfc tho pattern of boat conductivity in 
the earth formation interval ao that at leant one compreeaively 
waged portion of the cable U located along- tno cable in a 
position such that, when the cable is extended elouq the eavtb. 
formation interval to be heatoo, tbe cotnpresaivoly awngoU portion 
is adjacent to a portion of the earth formation interval to which 
the heat conductivity is relatively high* connecting imid 
selectively swaged heating cable section to at least one power 
supply cable and spooling the interconnected cable*; and 
unr;pooiing the interconnected cables Into a welJbore along with a 

2D weight -supporting metal conduit while periodically attaching the 
cables to the conduit and extending the cebles and conduit to a 
depth at which the conpresaiveiy swaged portions uf the cable are 
positioned adjacent to tlio earth formations bavins a relatively 
high thermal conductivity. 

The invention will now be explained In more detail w3tn 
reference to the accompanying drawings , in which • 
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Fl crura 1 is a three* dimanoional i Huntxetion of an 
electrically conductive cebie e&ntf.ialug swaged and im**ayed 
yorcione suitable fox uie In the creeent invention. 

?lgure 2 aohesatioaUy iUuetrat;e»- tne inrtoUlsg of an 
olootrieal xewiatanc* baater within the well in accordance with 
the pceeent tftveutiou. 
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Figure 3 shcwo a splice between a metal-eheatfiod insulated 
povur supply cable and a jnBtal-8fccatl*ed insulated cable, suitable a* 
a heating element of the prustmt invention. 

?i<rores 4 anS b illustrate apllcoc for electrically inter- 
5 connecting the conductive cores of a pair of &e1»l-9hftathed mineral- 
insulated heating cables suitable as boing cable* .in the present 
invention. 

Pigure 6 anew an electrical power supply circuit, raitabte for 
use in the preeent invuntim. 

"to Tte preeent invention Is at least in part premised on a 

discovery bhat the proper tio& of an electrical conooctor (such as a 
netol-Khoathed solid JtetHrial-infcuiaLed electrically conductive 
cable containing a single copper core) are sozh that results of an 
application of eonpressive swaging to the aitsidc of the metal 

15 sheath are tranaButtoa through the insulation to tho core of U\e 
cable in a manner euch that CftCJi of these conperjents ore 
substantially sunjltaijecosly reduced in crnes^seotiunai Area by the 
soto relative amount*. Tne reductions in the cable core craas- 
ijQctianfil area can be controlled bo cause the awagea* portion of tho 

20 cable to generate a significantly higher tcajnt at heat per unit 
time than libaC *hich would have been generated without the swaging, 
evt&oi at a substantially Iwer temperature. 

In a proforred enbodtaeut oi the invention, such a swaging is 
dona by a process oC rotary swaging, amounting to oaflorcssirjg the 

25 cable with inany Mrjws applied by rotating dies. Itotating swaging 
devicee and techniques aro known and <x*wrcdaily available. 6uch 
irachineB coononly oor/taJ.n two die? which recd.procate rapidly as a 
spindle in wfticii thSfy aru tnwir/tod ic rotated, A compressive rotary 
^waging operation invnlves a baranering action which has the pane 

30 bsiAflf idal material on metal as forging. It produces a desirable 
grain structure resulting in an increacad tensile strength and 
elasticity. The coixl (in tcsperatuxe) sweging tends to work harden 
nest AOftaUic materials. If deairen, such a hardening nan b> icacle 
more flexible by annealing. 
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m a rotary swacjirg operation, the extent, to which the staged 
roaterAal reduced in croes-serrtLcnal area oan lie controlled very 
aocur*tely. Per ecatfuple, sinco n w.tal-ehaatbed eolid naterial- 
insulatecl rv^spsr-cored elc<ttrically*canductivc ©able behRvea as a 
5 solid iratcrial during a rotary waging operation, such a cebte 
having a dlonotjer ot trexn about 0.68 to 1.25 cm can be aaaged to a 
reduced diarrotor with su accuracy ol about pl.ua or winuH 0.0025 cm. 

figure 1 illustrates swaged and unswagod portions of a cable 
preferred tar use. in the ponessnt invention, in the cable shorn, a 

10 etftinlofiS steel sheath 2 surrounds a mineral insulation 3 

consisting of highly compressed grains of jregnsaiun) oxide and a 
wolid conductive core 4 of substantially pore ccpp&r is 
concentrloflLLly surroundfed fay the insulariou and sheath. Id a cable 
of the type arjovn, where the inner and outer diameters of the 

15 Rheath Z are 7.25 aiid 9 urn and the- diaitotar of the cox* 4 is 3 n». 
iu the uuawaged portion , the c&bte may gaierate a temperature at 
about 600 fl C vchen oonductincj L8D enpentes of alternating current.. 
However, in a swaged portion of tl« cable having a diameter reduced 
by lift, a bcaperatiire of about S50 *c is ger*rat»d vhen tho cable 

20 ia conduct irg the ssiro ourrent in tha sarne environment* 

In a oruHcrred cahoiirreiit, the present invention can be 
utiiiied for providing a formation-tailored irethod and apparatus 
for uniformly heating long tnosxvala of subterranean earth 
formations at high torpor ature . fcconrding to this /tethed 

25 s»^>texrane«n Uitervala are hcatod with an electric heatar 

ocritainLng at .leant one epoolable stoel-sheathei mineral- insulated 
cable having a solid central core of high electrical conductivity, 
Such a oablo can be arranged to heat the earth fiarwacxene ao tlwt 
baat 1*; transmitted into the formations at a substantially uniform 

3D rata, even when tho hosting involve* more than about- 330 watte per 
astro at teo^aturos between about 600 aod 1000 *C. Tbe unUcraity 
of the heat tauuuBiwsion is ensured by providing the heater with a 
pattern of electrical roal stances with depth within rive well 
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OTTw»latjcrt vith the pattern of heat conductivity witt* ctepth within 
the wurounding earth fonnatlons. 

Figure 2 stowa a preferred euhndiwant of a wall heater of the 
present Invention baing installed within a wall. Aff Jhowt, a pair 
5 of selectively sweujad hiifttcr cables v.lth ewngaa and unsuacjed 

portions of Ebe type tficun In Flguwe .1 are being unsccoled inix> a 
*oll from spooling means 5 and 6 while a support neraber 7, such as 
a wire lino car spoolable metal oenduit/ la coruaarrently unepoolod 
into the well f row a spooling neana (not tt»wn) . Uvs lower end of 
ID the support aeons 7 Is attached to a motor aroejui 9, snr* a* a 

sinker bar for a vortical well or a coenpnbla ox otbar raocor maana 
for a eubetantially horizontal «U< *ha lowr ends oi the beating 
cable, svarjed partiona lb, are uecbanically attached to a cable 
junction or end-cennactor 9 in vhlcb the conductive coree aro 
15 electrically in&axoonneEted (aa shown in more detail In figure 4) . 
The juration 9 la a.len maohanically oonnectod to the support mznbex 
7, for escrcTjpLo by a strapping neane 12. The lunar ends oi the cable 
porticoe, tihlch are tvagerVfor incxeaaed heating, are electrically 
interconnected in the end corovector 9 and poeitioned to ooctcnA 
?0 through tha zone selected for receiving the increased testing. 

tha unwaged portiona la of the heating cables, designed nor 
mintonal heating along tho tone to be heated, are pnaitionad to 
extend above the swaged portions lb for a distance sufficient to 
reach a acne xchich ie cool enough for an intcj*»nrject.v>n of the 
2$ heating cable poctiooe la with powar supply cab Ik; 10 by wearui of 
joints or splices 11 for electrically and nachmiieally inter- 
oonnestixg the powor supplying ard heating cables. Iho power supply 
cab lea 10 ore arranged for carrying a selected amount of current 
vhile generating only a jainlitel amount of heat, Tha details of 
30 suitable Tnochanical and electrical cable connecting joint* for use 
vith metal-sheathed winaral-inaulritiad power supplying cables are 
illuutxotj&d in Figure 3. 

As the hearing snrt powsr supply casblofi 1 and 10 are run into 
tha wail, alary vrtth the wight-support ing strand 1, the cablee are 
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periodically attach to the strand 7 by neam of clou*?© or 
etrappijri aeaJifi 12 » Such clones <ira arranged for creating ft 
friction between the cahlsa and strand which is sufficient to 
support the weigttt of tte lengths of tha cables wtvuch are lucotcd 
5 between the clan^e. 

Figure 3 illustrates details of preferred arrangenentR of 
splices 11, fts ehewn, the power supply cabin 10 haa a netai steath 
14, audi as a copper sheath, surrogating an insulated electrically 
coreSuctive core 13 having a oonbicvition ot crose-sectional area and 
10 electrical real starve psr unit Oi: length adapting it to carry tha 
current to be used \n the heating epcration while generating only 
an insigmficuit anoount of neat. A» shewn, the power cable shaath 
14 ai veil as a power cable core 13 aro larger than tha sheath 2 
and core A of the unswtgod port.tcn of beating cablo la. fhs 
15 omOoctivc cores of the cable are electrically interconncctedr 
preferably by vending* In general, the pewer cable can oarprlse 
substantially any typ* of electrically conductive cable which la 
adequately heat stable at the tarperature generated by the eninirnura 
heating portion of a h&ating cable such as la, Wter* the nexanum 
20 selected herting tene*rAture is sufficiently low and/or tlie 
distaavce bafcween the power supply and zena to ba heated is 
adequately short/ the power supply cable can cenpriaa a jrotal* 
sheathed TnicerAl-ijifcalatod aoll<V<orcd cable wtjich is solectivel.y 
swaged to previa tlo aolcctod heating tefl?eratjure so that no 
25 splices such a« splices 11 art* needed. 

As shown in Figure 3, a relatively short sleeve 15 , such as 'a 
steel sltevC/ is fitted around and valeted or braaedi or otherwise 
irccftanically attached, to the aheath 14 of the power cahla 10. Tho 
sleeve 15 i* preferably selected to have an inner diameter founiny 
30 an annular vp&co between it and aheath 2 large enciigh to 

ftcoamodate a Bhorter steel sleeve 16 fitted around the sheath of 
tl» cable la. In a pref (jarred assenW-ing prooadure, before loser tii^g 
the short sleeve 16, aubacor/tially all ot tfce annular tcac* between 
the cable core ewntoera a and 13 and sleeve 1.5 is filled with & 
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pcNdened minaral insulating material such as roagneaium oicidc. The 
insulating material ic preferably deposited within both i±m annular 
space between the cable cores and the sleeve 15 as w.U as the 
bpooc between the bJUkhvg 15 and tine nheath 2 oi the cable la, and 
5 vibrated to <xn-pact the mass of particles. Sleeve 16 cw\ tlien be 
driven In bo tte spaua betuuon the siewe 15 and sheath 2 so that, 
tha mass of mineral inaulnting particles In conrpactad by the 
driving force. Sleeves 15 and 16 and aheath 2 ore khan welded or 
brazed togethar. 

ID Figure 4 illustrates details at an and connector or splice 9. 

As shown, cables lb are ctttonded through holes in a steel bind? 9 
so thftt short aestiens lc extend Into a cylindrical opening in tJie 
contra! portion of the block- The electrically conductive oore-s of 
tha cables are welded togatfcer at weld 17 and the cab.te cJioaths are 

1? vcttldod to block 9 at welds IB. Preferably, the central conductors 
□f tha cables are sorrewnded by a heat ctfblc olectxicaX insulation 
such as a tutisa of enrapacned powder^ mineral particles anxl/ar by 
discs of ceramic materials (not sham) , after %4iicA tha central 
opening is sealed, far exampla, by welding-m pieceo of steal (not 

20 sbrwn>« where the heater is sucporfced, as shewn in Pigure 2, by 
attaching i* be an elongated cylindrical structural member 7, a 
groovo 19 is preferably formad along an exterior portion of end 
epiioo 9 to mate with the stanjctural muubor an<l facilitate tha 
attaching of the cod piece bo that wembar, for oxmple, by a 

2S strapping mawis 12. 

figure 5 shows a preferred type of end connector which 
eliminate* the need for cutting and walding a heater oab3a to form 
a paiv of heat*!!- cables, such as cables 1.6 • beater cable is 
aljrply bent into a Upturn and taachanioalLy clanged to block 20 by a 

30 bol ted-on cleaning pJLarba 21. Th© block 20 is preferably presided 
with grcv*** 27. to facilitate tfjo ciaoping of it to a cylindrical 
structural iwrttoer such a* the cylindrical onerobor 7 shewn in 
figure 2. 
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In general, rha power supplying elements can compriee 
substantially any w; car lx: Systran capable of causing a haator of 
tha present type ro teat at the ©elected r**a Lively high rat©. Such 
a beating rato can be about 33n watte par metre or roar*. 
5 Fioure 6 is a dlagraw of a prefer rod arransecnant of 

alternating current olectrtoal pawer supplying clement* suitable 
Jtonr the present typo of heater, 'this arrange/wait includes ono 
lnvcroc, parallel, eilioon-coritro.Ued rectifierB OCRs) in the 
circuits of. tofch elements of a two-*l erven fc heater. In saich & 
!0 balanced system the htater legs should be of equal resistance so 
that the cable core junction, point A, (wltttfn end onnnector D) can 
remain at zero voltage or virtual ground potential, lfce sheaths of 
the heater cables arc connected to the grounded centre rep of the 
transfiortier HFccoiary. Since point A repreoantB the welded 
15 conrjcction within the end pieco 9, the potential difference between 
tho cennoction and the housing will bo zero (or all practical 
purpose*;. Thzzo points could be in electrical contact without any 
conduction of current* At points advancing upward alco? the lege of 
the heater, the potential difference tetwaan tho shoaths and the 
20 central conductor can increase and finally reoch cfaximuni3 such as 
plus or nunut 2<0 V. 

In various situations in which an elongated apace xb to be 
heated, titie in situ thermal conduct ion tray vary si^nifiuar/tiy 
within various layers or locations alco? that apace. A more hoat 
'& condi active layer will carry off thfl hoat genera bed by a heater 

laster than a less conductive layer. Pji a result, the temperature 
maintained by an electrical resistance ho&ter carrying a given 
aneunt of current will V* Jownr opposite a more conductive layer. 
In situation* in which it is desired to maintain a fJat or uniform 
30 heating rat© alcutg the stxace bcirg heated, it is desirable to 
reduce the heater core cross-sectional area in order to generate 
heat at the sans rate as that in otlter portions of the heater whJch 
are hotter. 
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An electrical reaistajico hrater ran be caueud to generate 
selected heating rate* at different locations alocig tha heater )ry 
installing boater sections axitainirvrj can<5uctora of varying glossy 
actions. Mir tuuaLljcr acre, or conductor crose-secticna exhibit nficre 
5 resistance to thu electrical current flow aiid thus generate tent et 
a rate higher than wculd be generated by a tfctckar core at the «we 
tenperature. *br exaaple, it can 'next at a selected rate at kwer 
terparature existing along a relatively mora hant conductive layer 
or cone within the apace Uiirvg heated. 

\0 Tho present invention provide a netrx>i of causing a heater 

having an electrically conductive care *hich ia continuous and 
unitary to genarat«5 ccnatant and/or selected <m»mta of heat along 
one or a multiplicity of different portion* of the heater without 
requiring a auLtitude of heating cable splices. Particularly whore 

15 tho heating is to ba oendocted ar. relatively high tcctr^crataTrea far 
long times, welding problems and epportonitiea fior leakage are 
inherent in any cutting and splicing of electrical haatlngr cables. 

In respect to an electrical n*ci stance heater corpcriaing a 
pair of electrically iutnrconnacbed tfatal-sheathed solid mrtcrial- 

20 insulated tables each containing a malleable metal, elactrically- 
oonductiva core, foiar eets of rntary switching dies can be arranged 
for pxofriding percentages of tfiamatrical reductions of 6, 12, IB 
and 24 in the initial overall diameter of each cable and ita 
canAaotive uoxe. By reducing one portico oH the cable diameter by 

\Yj 6fc and another by 12%, the overall reduction ia 91. Ety such 

procedures, the overall crosa-aecticoal reductiona for both legs of 
the hMfcer can be provided in eight arepa of roughly 101 each. Per 
axanpler see the following table: 
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01AM3TAICAL KEDCCIOrw 


CKES-SSCTtTCNAl REDUCTION 




(X) 




L93 \ 


LEG 2 


roan ties 


0 


6 




6 


6 




€ 


12 


34,2 


12 


12 




12 


IS 


55,3 


18 


18 


55,5 


18 


24 


75.0 


24 


24 


04. $ 



in sxh a prooedure r if the above-described preforrod pcww 
supply is to be used, it is nacsssary that each leg of fcfoa heater 
after re-iuctiana iu its core diameter have en overall resistance 
ocjualling that of the otter leg after reductions in its cccre 
5 diamRter„ This is necessary to ensure tho rero voltaqe potential of 
the interconnected catfuctors in the end piece. flm>Sr it is 
iveceaeary to divide the overall extents of electrical care 
reductions evenly over both lengths of the heater. 

Substantially any oaiiprocilve Jvafjina procedure which is or is 
10 substantially equivalent to rotary swaging oem wurably be used in 
parartisir»g the present invention. &^>lcs of svaguvj roachinaB 
and/ar techniques which can suitably be used are inc-lnRi^ of diu 
closing swaging machir.es, such as those iranufac wared by The 
Torringtco Cunpany, or Abbey Aetna Jtecbine Ctwpany or rem 
75 Manufacturing , etc. 

Power au«>ly Cables capable of transnittiwj the ancunt of 
current selected to be usod whiio gemratiug only a relatively 
Insignificant awount of haat and having sufficient thermal 
stability for; electrical and ittchknical attachment to thu motai 
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sheathed cab la selected for qenerating a ininlnuft anccnt of heat can 
suitably be ueec< in this invention, Bcanplafi of sash castes include 
those avaiteWe as BJCC/Fyrotenac (41 cables. 

In general, in a situation In which an electrical conductor 
5 n&ed not to insulated, the present invention can be pu-actised %-tth 
substantially any elftstrical conductor vtoich \r continuous and 
unitary (i.e.. is a oonfcinuous body froo of inbercennectetf 4 se^oatts 
ox strands > nnd has a o^re or conductor thickness (i«e, a cross - 
sectional area of the electrically conductive fffiterlal) *hich is 
10 different in different locations along the length of the electrical 
conductor, Preferred eloctrioaZ conductor a apprise sjw/te 
conductive cores of malleable ratals or alleys grounded by a heat 
stahla tolid jnsolatea ratsrial within a beat stable fatal sheath 
such aa refractory powder or solid fibre insulating materials 
\5 wifcbiu copper or stool steatite. A copper core surrounded by 

pewdpred iragr»aiu«i oxids within a copper sheath for use at tnodarato 
temperaturea, or a stainless steel sheath for use at high 
torpor a tures, is particularly preCerred, 

in general, the present invention can be \itili«*3 to initiabe 
20 ana itointaJn a substantially uniform rate of Iteatirjg along a space 
containing at leaat one portion having a relatively low rata of 
teat conductivity and/or to establish and »aintf.Jn a relatively 
high rate off hoating along selected portions alar/? a space 
. thrcojhout which the rate ocf heat conductivity Is nearly uavfornu 
25 the variations in haat conduct 3 vity with diatanco al&og an 

eUxgaboi path can be aetamlno3 by wans of roraerouc wid 
available de/ioaa and reohni^tias. 

m a particularly prefurmd procedure for utilizing the 
present invention for heating along a path along ufrich the baat 
30 conductivity is non-uniform, a selection is made of the rate of 
heating bo bo provided whan an electrical conductor having tha 
composition to bo used is conducting the aacunt of current to ba 
used within o hotogonacus iredium haying the lowest heat 
conductivity to ba encountered along the path to be heated. The 
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nexlunw thicknaaS for t'ne elentrioal ocndcctxsr to be \tso5 ic then 
the thxckneaa which providae that rato of heatirq in that 
situation, 'the thickness of portions of the conductor to b» 
poaiticned along portions of tlv* path which have higher beat 
5 nonductivitleJ are then rffi<Se thinner to an extent substantially 
COT^en sating for Che rare rapid cortfwtingKiway of the heat by 
those higher heat caitftantivitiflfi. 

Alternatively, where it i* deairable to generate teat at 
relatively rapid rate* along portions of a path to be heated (for 

10 cxatple/ along top and bottom portions of a mibterrancan earth 
fanratim) audi an arrangCTflent can ba node, altho-igti tba heat 
conductivity nay be substantially uniform all along the path to Jj© 
hcatech tt» conductor tbictaess ana resistance to be need along 
most of tJw cable conductor are *e.1ocee4 to provide the eeiactxri 

15 rata of haoting along a hcrogeneous naterial having the luiat 

conductivity oubmoq to vnoat of the Interval to be heatud. Then, the 
rrore rapid heating rate along Rented portion? of the path can be 
obtained by thinning the portion* of the conductor to be «xt*n<5ad 
along those portions oil the path. 
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TXB &:<bOP:cVttnT» Of THE INVENTION Iff WHICH /iff EXCLUSIVB 
PROPERTY OR PRIVILEGE 13 CLAIMED IRZ DBPIHBD A3 t'0LX,OW5» 

L. In a pi-oceae In which subterranean earth formations 

within an interval more than ion teet Long are haactKt to a 
r.e,up*rature ot more than $00°C\ , bo that haot Is injected 
substantially uui fon/.Ly into that interval, an improvement far 
constructing and iuatalllng a heater having an electrical cable 
heating section wMoh la free of spliceti, comprising* constructing 
aai6 l)*atJ.ng cahl* flection by compresa tvely swaejing at least one 
portlou of a junotloii-tree electrical heating cablo to reduce its 
ftl20 ftt Bald at lo«iet one portion, said cable Is at least ae long 
aa the earth formation interval co bed ted and ftomprtaes at* 
axial Xy aligned, malleable, ©ltctrically conductive cor* 
surrounded by granular ialn«xal Xnrulation within a natal sheath, 
bo that swaged portion generates boat at a rato higher than the 
unanaged portion; correlating the looation of said Rwaging with 
the pattern of heat conductivity in the oarth formation interval 
80 that ot loast one compresaivoly swaged portion of the cable iff 
located along the cable In a po vinton such that, vh*n tho cable in 
extended along the earth formation interval to he heated, the 
cowproHaj vely swaged portion la adjacent to a portion of tLe earth 
formation interval in which the heat conductivity la relatively 
high) connocting aaid aelectlvely jcvageA heating cable aectlon to 
at least one power supply c&hla and tipooLing the interconnected 
cables? and unspoollng the interconnected cables into a wellbore 
along with a weight- importing metal conduit vhilo periodically 
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attach I oq tl\e cables to the conduit and extending the cable ■ and 
conduit to a doptJi at whictt the coihpranuivoiy svasad portions oi' 
the cable are ponUicnecl adjacent to the earth toraatAoue havtog 
rolacttvoiy high thermal conductivity. 

8 HART fir BIGG AH 
Ol'VAJ/A, CANADA 
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ABSTRACT 

HEKHSG RMS VWSANT 
EUOKGJiHD EL13CTPTCAL RESISTANCE UEKIER 

An eJechrjical resistance beater capable of gtaxarating lieat at 
different rtttes at dif fenejifc locations alcng its length comprises a 
ccntinuoos arjJ unitaxy e-tectvical oonductor hvruq a thicteicsa 
vrtiirJi is different at different locations along ita length. 
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